Introduction
The thermal error of the high-speed feed system has become a key factor affecting the machining accuracy and stability of the CNC machine tools. With the increase of the feed speed, the thermal deformation error and the positioning error of the machine tool are increased. The research shows that thermal error has become the largest error source of NC machine tool, which accounts for 40% to 70% of the total error [1] .
The thermal deformation error caused by the temperature rise is the main part of the positioning error in the feed system [2] . Therefore, the best way to improve the machining accuracy is to reduce the thermal deformation error of the feed system [3] . With the increase of the ball screw speed, the heating of the bearing becomes more serious, which affects the positioning accuracy of the feed system directly. Consequently, it is necessary to propose a liquid cooling system to absorb the heat of the bearing [4] .
Cooling scheme
Due to the high-speed rotation of the ball screw, the frictional torque between the inner and outer rings of the bearing and the ball is increased, resulting in a large amount of heat generated by the bearing [5] . Part of the heat is transferred to the two section of the screw, which leads to the axial thermal deformation of the ball screw. Another part of the heat transfer to the bearing seat, causing thermal deformation of the bearing. Therefore, the thermal deformation error of the bearing is increased, and the positioning precision of the feed system is influenced [6] .
The thermal deformation of the ball screw and bearing seat is caused by the bearing heat, so it is necessary to reduce the temperature rise of the bearing. Considering that the bearing transfers heat to the screw and the support through the inner surface and the outer surface [7] . Therefore, the spiral grooves are formed on the mating surfaces of the bearing seat, and the coolant cools the bearing through the spiral groove.
groove, and each end of the spiral groove has an oil intake hole and an oil outlet. The coolant enters the spiral groove from the inlet hole, and then flows out from the oil outlet. The concrete structure of the spiral groove is shown in Fig. 1 . Each spiral groove has a cooling circuit, and the cooling circuit does not interfere with each other. When the liquid-cycle-cooling system is working, the coolant enters the oil inlet through the sleeve pipe joint, and then flows through the oil outlet to form a cycle cooling process.
Liquid-cycle-cooling module
According to the working state of the feeding system, the flow rate of the cooling system can be adjusted. When the speed increases, the heat of the bearing increases, so the flow rate of the coolant increase. When the rotation speed of the ball screw is reduced, the calorific value of the bearing is reduced, so the coolant flow rate are reduced correspondingly. The liquid-cycle-cooling system includes oil pump, fuel tank, cooler, radiator, temperature sensor, throttle valve, tubing and related hydraulic auxiliary components. The flow rate of the coolant can be adjusted by software control. The temperature sensor is used to measure the temperature of the inlet and outlet coolants, and the coolant flow rate is determined according to the temperature difference. The working principle is shown in Fig. 2 . Firstly, the high temperature coolant is reused into the circulating oil pump. Later, it is pressurized by the circulating oil pump and then flows into the oil cooler for cooling treatment. After cooling treatment, the feed system is cooled again.
In order to better control the flow rate of coolant, the throttle valve is installed at the outlet of the coolant to control the flow rate. After adjusting the flow rate, the coolant is separated from the branch Oil intake hole
Spiral groove
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to cool the main heating position. After cooling, the coolant is recirculated into the fuel tank again, thus forming a cycle cooling process. In this circuit, we need to adjust the flow rate of the coolant in real time according to the heat generation of the bearing seat, and the flow rate can be adjusted by controlling the power of the variable pump. The evaluation of heating power depends on the temperature difference of the coolant flowing into the bearing seat and the outflow bearing seat.
The hydraulic circuit of the liquid-cycle-cooling module is shown in Fig. 3 , in which the oil pump is a one-way variable pump, and the throttle valve regulates the flow of the coolant. The relief valve plays a role in limiting the oil pump pressure and maintaining the pressure effect.
Conclusion
This paper introduces the working principle of the liquid cooling system, and introduces the concrete structure of the mechanical module and the liquid-cycle-cooling module. The spiral groove of the bearing seat provides a cooling groove for the bearing to ensure the normal operation of the bearing. The liquid cooling module provides the cooling circuit for the bearing, and then realizes the adjustment of the coolant flow rate to meet different working conditions. Combined with the mechanical module and the liquid-cycle-cooling module, the bearing temperature is reduced, thereby improving the positioning accuracy of the machine tool.
